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Description 

[0001 ] This invention relates to an encapsulated prod- 
uct and to a process for its production. 
[0002] It is known that substances may be encapsu- 
lated, within the cell walls of nticroorganisms. For exam- 
ple, EP-A-0085805 discloses a process for 
encapsulating substances which comprises treating a 
microbe with an organic lipid-extending substance such 
that the substance is absorbed by the lipid and is 
retained passively in the microbe. The method 
desaibed in this document is said to be particularly suit- 
able for producing encapsulated dyes for use in, for 
example, carbonless copying paper. It will be appreci- 
ated that an important requirement for this end use is 
that the dye must not be yisible In the intact product so 
that a change in colour may be observed on rupturing 
the capsules to release the dye. 
[0003] Microbial encapsulation is also disclosed in 
EP-A-0242135 and this document teaches that an 
encapsulated material may be obtained by contacting 
the material with a microbe which has a lipid content 
significantly less than 40% by weight. This document 
discloses the encapsulation of essential oils used In fla- 
vours or fragrances and, as in EP-A-0085805, the 
encapsulation of dyes. Again, however, it is essential 
that the colour of the dye should become visible only 
when the capsules are ruptured. There is no mention In 
this document that dyes and essential oils may be 
encapsulated together. 

[0004] The present invention provides an improved 
encapsulated material which involves the use of micro- 
bial cell walls for encapsulation but which allows a col- 
our to be seen in the Intact (i.e.. unruptured) bulk 
product. 

[0005] Accordingly, the present invention provides an 
encapsulated product comprising a shell of microbial 
cell wall-derived material and an essential oil used in 
flavours or fragrances encapsulated within the shell, 
wherein the material is dyed with a dye which is 
absorbed on the surface of the cell wall-derived material 
to give a colour which is visible in the bulk product. 
[0006] The term "microbial cell wall-derived materiar. 
as used herein, is intended to cover microbial cell wall 
material as it occurs in the live or dead cell and micro- 
bial cell wall material that has been physically or chenrh 
Ically modified. Possible modifications of the cell wall 
material are known and include treatment to soften it in 
order to facilitate subsequent release of encapsulated 
material, such as by treatment with a proteolytic 
enzyme or an alkali, and treatment to harden it in order 
to prevent premature liberation of the encapsulated 
material, such as by treatment with a dilute aqueous 
akJehyde solution. 

[0007] The shell of microbial cell wall-derived material 
is preferably complete and continuous but it may also be 
incomplete (i.e.. it may contain one or more apertures) 
and this may be desirable for some appltoations. 



[0008] The microbe from which the microbial cell wall- 
derived material is obtained may be a fungus, bacterium 
or alga. Preferably, the microbe is a fungus. Suitable 
fungi include the yeasts Kluweromyces fraoilis (dairy 
5 yeast), Candida utilis and filamentous fungi such as 
Aspergillus nioer but, as a result of its availability and 
effectiveness In the inventbn, the preferred fungus for 
use in the present Invention is Saccharomyces cerevi- 
Siae (brewer's yeast and baker's yeast). 

10 [0009] The substance which is encapsulated in the 
product of the Invention may be a pure substance, a 
mixture or It may be a solution of the substance or the 
mixture in a solvent. The solvent should not be miscible 
with the miaobial lipid and suitable solvents therefore 

IS include the lower alcohols such as methanol, ethanol 
and isopropanol. The substance is conveniently a liquid 
at room temperature. 

[0010] The substances which are encapsulated in 
accordance with the invention are essential oils used in 

20 flavours or fragrances (such as lemon, garlic, clove, 
mint, peppermint, lavender, cedar, cheese and eucalyp- 
tus oils). It is preferred that the material is dyed to give it 
a colour which is associated with tiie naturally occurring 
source from which the essential oil may be obtained 

25 e.g. , the substance is lemon oil and the material is dyed 
yellow or the substance is lavender oil and the material 
is dyed lilac. 

[0011] The dyes which may be used in the present 
invention are any naturally occurring or syr^thetic colour- 

30 ing agents that can be taken up by the microbial cell- 
wall derived material so that a colour is visible in the 
bulk intact product i.e.. before the product is ruptured. 
Provided that this requirement is met, the dye is 
absorted on the surface of the cell wall-derived mate- 

35 rial. The dyes may also be visible when the product is 
ruptured although if a second dye is encapsulated in the 
product, a colour change may be observed on rupturing. 
[001 2] Suitable naturally occurring dyes and methods 
for dyeing cell ghosts are described in EP-A-0566347. 

40 The methods disclosed in this document have been 
found to be applicable in the present Invention for dye- 
ing the microbial cell wall-derived material. Examples of 
the naturally occurring dyes which may be used are tur- 
meric and annatto. Many synthetic dyes may also be 

45 used in the present invention such as. for example, azo- 
dyes. Of course, for some applications of the product it 
will be Important that the dyes are suitat3le for food use. 
[001 3] The present Invention also provides a process 
for producing the product of the invention. 

50 [0014] In one embodiment, the process comprises 
treating a grown intact microbe by contact with an 
encapsulatable substance in liquid form which is capa- 
ble of diffusing into the microbial cell without causing 
total lysation thereof and dyeing the treated microbe by 

55 contact with a dye. 

[001 5] Dyes which are non-toxic to the microbes may 
be used to colour the microbes before the diffusion of 
the encapsulatable substance into the cell. Therefore, in 
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another embodiment, Itie process off the invention com- 
prises dyeing a grown intact microbe and treating the 
dyed microbe by contact with an encapsulatable sub- 
stance in liquid form which is capable of diffusing into 
the cell without causing total lysation thereof. Surpris- 5 
ingly. this process gives better resutts in terms of oil 
encapsulation and dyeing than the process above i.e., 
that Involving encapsulation followed by dyeing. 

[0016] In either emtxxJiment of the process of the 
invention, the microbe is preferably live at least at the 10 
commencement of the process. Also, treatment of the 
microbe advantageously comprises mixing the microbe 
with an encapsulatable substance in an aqueous 
medium by. for example, adding the encapsulatable 
substance in liquid form to a sluny of the microbes in is 
water. The treatment is preferably carried out at a tem- 
perature of from 20**C to 60*^0 at least during the initial 
stage of the treatment and, desirak>lyp is performed for a 
time until the desired optimum amount of one or more 
globules of the substance can be observed microscopi- 20 
cally within the microbial cell. 
[001.7] Following treatment to encapsulate the sub- 
stance and/or to dye the material, the treated and/or 
dyed microbes may be separated from the liquid (e.g., 
by centrifugation) and dried (e.g., by freeze-drying or 2S 
spray-drying). 

[001 8] The dyeing step of the process of the invention 
preferably comprises the addition of the dye. as a liquid 
or a solution, to a stirred mixture of the treated or 
untreated microbes In an aqueous liquid, and separat- 30 
ing the dyed microbes from the resulting mixture. The 
aqueous liquid is preferably water but it may contain 
organic solvents such as lower alcohols (e.g.. ethanol) 
and its pH may be adjusted, depending on the nature of 
the dye. to optimise the dyeing of the microbes. 3S 
[001 9] For use in the invention, the microbe should be 
in grown form and must be intact i.e.. not lysed. As men- 
tioned above, the microbe may be alive, at least at the 
commencement of the treatment; however, the nrucrobe 
may have been subjected to conditions (such as by in'a- 40 
diation of the microbe) to destroy its ability to propagate. 
[0020] It is not necessary for the microbe to have a 
significant lipid content. Typically, the lipid content may 
be not more than about 5%, for example up to 3%. of the 
dry weight of the microbe. The microbes may, however, 4S 
be treated with lipid-extending substances to increase 
the lipid content of the microbe, as taught in, for exam- 
ple. EP-A-0085805. 

[0021] After encapsulation and/or dyeing, tiie micro- 
bial capsule may be treated to soften it in order to facili- so 
tate subsequent release of the encapsulated 
sut>stance, such as by treatment with a proteolytic 
enzyme or an alkali, or it may be treated to harden it in 
order to prevent premature liberation of the encapsu- 
lated substance, such as by treatment witii a dilute ss 
aqueous aldehyde solution. 

[0022] Usually the microbe will be killed as a result of 

the encapsulation. 



[0023] The encapsulated substance may be released 
from the microbial capsules when desired by, for 
instance, chemical biodegradation or mechanical rup- 
ture of tiie microbial cell wall, or by subjecting the cap- 
sules to an environment in which the substance diffuses 
gradually out through the pores in the microbial cell wall. 
Thus, the product of the invention allows the substance 
to be retained within tiie microbial capsules.* identifiable 
by tiieir colour, until its release by biodegradation. rup- 
ture, or diffuston. 

[0024] The product of the invention may be employed 
in any application for which known microcapsules are 
conventionally used either as a free-standing product or 
adhered to a substrate. Suitable applications include, 
for example, use in foodstuffs to give a delayed release 
of flavour when the foodstuff is eaten, in striped tooth- 
paste to immobilise a given flavour in a coloured stripe, 
in confectionery . in personal hygiene products, in the 
advertising of perfumes by providing small samples of 
microcapsules adhered to paper, in copying paper and 
in tamper-evident applications where a colour or odour 
produced on rupturing the product indicates tanpering. 
[0025] The invention is illustrated by tiie fbllowing 
Examples. 

EXAMPLE 1 

(a) Pyeing Uive Yeast 

[0026] Live baker's yeast from Gist-Brocades-British 
Fermentation Products Limited (2 kg) was made up into 
a slurry with 10% aqueous ethanol (1 I) and the pH 
adjusted to 3.0 witii concentrated hydrochloric acid. Tur- 
meric oil (5 ml) was gradually added to the mixture witii 
continuous stirring. The yeast t)ecame bright yellow in 
colour but was left stirring for 2 hours before possible 
further additions. Further turmeric oil (12 ml) could be 
added before the oil started to show in excess. The mix- 
ture was then left to stir overnight. The resulting col- 
oured yeast was centrif uged (2,500 rpm for 1 5 minutes) 
and washed four times with warm water. 
[0027] A sample of the coloured yeast was taken for 
microbiological examination and for growth on malt 
extract agar and liquid malt extract at SO'^C. Live yeast 
was observed under tiie microscope with only a few 
vacuoles while tiie slopes and tiie liquid medium grew 
well. 

(b) Encapsulation in Coloured Yeast 

[0028] A sample of tiie coloured yeast obtained in (a) 
(20 to 30 g based on dry weight of the yeast) was made 
up to a 15 to 20 w/v slurry with water. Lemon oil (6 g; 
20% based on the dry weight of the yeast) was added 
with stirring gradually over a period of 4 hours at 30°C. 
The product was then centrifuged (2.500 rpm for 15 
minutes), frozen and vacuum dried to give 29 g of a yel- 
low powder with a lemon odour. 
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[0029] Microbiological examination of the product 
showed that many of the yeast cells contained large oil 
droplets similar to vacuoles. SUDAN 111 stain also indi- 
cated the presence of oil. 

[0030] The degree of leaching of the colour from the s 
product was determined by piadng a small sample of 
the product on a filter paper. In this case, some leaching 
of the colour from the product to the' filter paper was 
observed. 

10 

EXAMPLE 2 

[0031] This example illustrates that yeasts other than 
baker's yeast may be used in the present invention. 

15 

(b\ Dyeing Yeast 

[0032] 200ml of an aqueous slurry of Pekin yeast (a 
strain of yeast used in gasohol production, obtained 
from the PeWn Fermentation Company, USA) having a 20 
dry weight of 36g was used at its natural pH value of 
4.45. Turmeric oil was added to the slurry with continu- 
ous stirring at 15 to ZO^'C a few ml at a time until a bright 
yellow colour was obtained and a small amount of 
excess turmeric oil remained on the surface of the mix- 25 
ture. The mixture was centrifuged and the separated 
dyed yeast washed with cold water until no colour 
appeared in the washings. 

lb) Encapsulation in Coloured Yeast 30 

[0033] 1 00ml of the dyed yeast slurry obtained in step 
(a) above was stirred at 40''C in a water bath and 5ml 
lemon oil was added gradually The mixture was main- 
tained at this temperature, with stirring, overnight and 35 
was then centrifuged, washed with cold water jn situ 
and freeze dried. Microscopic examination of the yeast 
showed that the oil had entered the yeast cells and 
occupied most of the cell. 

[0034] Using the method described in Example 1 . the 40 
degree of leaching of colour from the product was 
assessed. The product was found to hold its colour 
much more strongly than the product of Example 1 . 

EXAMPLE 3 45 

[0035] This example was carried out to show that it is 
possible to encapsulate the oil in the yeast first and then 
dye the resulting product. 

50 

(a) Encapsulation in Yeast 

[0036] 300ml of a slurry of Pekin yeast in water having 
a dry weight of 19.2% w/v was stirred at 40**C and 10ml 
lemon oil was gradually added. The mixture was left to 55 
stir overnight at 40''C and the volume made up to 300ml 
with water to compensate for losses due to evaporation. 



ft>) Dyeing Encapsulated Yeast 

[0037] 5ml turmeric oil was added gradually to the 
mixture obtained In step (a). Examination by high power 
microscopy (xlOOO magnification) showed that little oil 
had been taken up and. therefore, an additional 5ml 
each of lemon oil and turmeric oil was added. After 4 
hours further stirring, tiie mixture was centrifuged at 300 
rpm for 10 minutes. This gave rise to a yellow yeast 
layer, a thickish supernatant (brown/yellow in colour) 
and a small amount of oil floating on top of the mixture. 
The yeast was washed witii water and freeze dried. 
[0038] The encapsulated product produced by this 
method was found to be acceptable but the method was 
considered to be slightly Inferior to the method involving 
dyeing the yeast followed by encapsulation. 

EXAMPLES4T010 

[0039] Example 1 was repeated using the following 
dyes (all of which are synthetic) and oils: 



Dyes 


Oils 


FD & C Red No. 40 
FD&CRedNo. 1 

BIT Black (CPC International Inc) 


Peppermint + 
Peppermint 

Cheese Oil 



+ Product was pasteurised at 60°C after encapsula- 
tion 



[0040] In all cases an acceptable encapsulated prod- 
uct was obtained. 

EXAMPLES 11 TO 14 

[0041] Exanple 2 was repeated using the following 
dyes and oils: 



Dyes 


Oils 


FD & C Red No. 40 

FD & C Blue No. 1 

RIT Black (CPC International Inc) 


Peppermint 



[0042] Again, in all cases a satisfactory product was 
produced. 



EXAMPLE 15 

[0043] The product of Example 1 was incorporated 
Into a standard commercially available mayonnaise- 



45 



50 



55 



7 



EP0 844 909B1 



8 



type dressing at a level of about 1% by weight. A yellow 
colour was Imparted to the dressing and a lemon flavour 
developed in the mouth when the product was tasted. 

Claims s 

1. Encapsulated product conprising a shell of micro- 
bial cell wall-derived material and an essential oil 
used in flavours or fragrances encapsulated within 
the shell, whiarein the material is dyed with a dye io 
which is absorbed on the surface of the cell wall- 
derived material to give a colour which is visible in 
the bulk product. 

2. Product as claimed in claim 1 , wherein the micro- is 
blal cell wall-derived material is from a fungus. 

3. Product as claimed in claim 2, wherein the fungus is 
Saccharomvces cerevisiae. 

20 

4. Product as claimed in any one of claims 1 to 3, 
wherein the dyed material has a colour which is 
associated with the naturally occun'ing source from 
which the essential oil may be obtained. 

25 

5. Product as claimed in claim 4. wherein the sub- 
stance is lemon oil and the material is dyed yellow. 

6. Process for preparing the product of any one of 
claims 1 to 5 comprising treating a grown intact 30 
microbe by contact with an encapsulatable sub- 
stance in liquid form which is capable of diffusing 
into the microbial cell without causing total lysation 
thereof and dyeing the treated microbe by contact 
with a dye. 35 

7. Process for preparing the product of any one of 
claims 1 to 5 comprising dyeing a grown intact 
miaobe and treating the dyed microbe by contact 
with an encapsulatable substance in liquid form 40 
which is capable of diffusing into the microbial cell 
without causing total lysation thereof. 

8. Process as claimed in claim 6 or claim 7. wherein 
the microbe is alive during the encapsulation treat- 4S 
ment. 

9. Process as claimed in any one of claims 6 to 8. 
wherein the treatment comprises mixing tine 
miaobe with the encapsulatat)le substance in an so 
aqueous medium. 

10. Process as claimed in claim 9, wherein the treat- 
ment is performed at a temperature in the range of 
from 20X to 60X. at least during the initial stage of ^ ss 
the treatment. 

11. Process as claimed In any one of claims 9 and 10, 



wherein the treatment is performed for a time until 
the desired optimum amount of one or nx)re glob- 
ules of Uie substance can be observed microscopi- 
cally within the microbial ceil. 

12. Process as claimed in any one of claims 6 to 11. 
wherein the dyeing step comprises the addition of 
the dye to a stin-ed mixture of the treated or 
untreated microbes in an aqueous liquid. 

13. Foodstuff comprising the product of any one of 
claims 1 to 6. 

PatentansprQche 

1 . Verkapseltes Produkt, umfassend eine Scheie aus 
. einem von einer mikrobiellen Zeilwand abgeleiteten 

Material und ein in der Schale eingekapseltes. in 
Aromen Oder Duftstoffen verwendetes dtiierisches 
Ol. wobei das Material mit einem Farbstoff gefdrbt 
ist. der auf der Oberfldche des von einer Zeilwand 
abgeleiteten Materials absorbiert ist. um eine Fdr- 
bung bereitzustellen. die in dem SchOttprodukt 
sichtbar ist. 

2. Produkt nach Anspruch 1, wobei das mikroblelle. 
von einer Zeilwand abgeieitete Material von einem 
Pilz stammt! 

3. Produkl nach Anspruch 2. wobei der Pilz Saccharo- 
myces cerevisiae ist. 

4. Produkt nach einem der AnsprOche 1 bis 3, wobei 
das gefdrbte Material eine Farbe aufweist, die mit 
der natOrlich vorkommenden Herkunft, aus der das 
dtherische Ol erhalten werden kann, im Einklang 
steht. 

5. Produkt nach Anspruch 4, wobei die Substanz 
ZitronenOI ist und das Material gelb gefdrbt ist. 

6. Verfahren zur Herstellung des Produkts nach einem 
der AnsprOche 1 bis 5, umfassend Behandein eines 
gezuchteten, intakten Mikroorganismus durch Kon- 
takt mit einer verkapselbaren Substanz in f IQssiger 
Form, die in die mikrobielle Zelle ohne Verursachen 
von deren vollstflndigen Lyse diffundieren kann, 
und FSrben des behandelten Mikroorganismus 
durch Kbntakt mit einem Farbstoff. 

7. Verfahren zur Herstellung des Produkts nach einem 
der AnsprOche 1 bis 5, umfassend Fdrben eines 
gezQchteten, intakten Mikroorganismus und 
Behandein des gefarbten Mikroorganismus durch 
Kontakt mit einer verkapselbaren Substanz in flOs- 
siger Form, die in die mikrobielle Zeilwand ohne 
Verursachen von deren voilstdndigen Lyse diffun- 
dieren kann. 
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8. Verfahren nach Anspruch 6 Oder Anspruch 7. wobei 
der Mikroorganismus wdhrend der Verkapselungs- 
behandlung am Leben ist. 

9. Verfahren nach einem der AnsprOche 6 bis wobei s 

die Behandlung Vermischen des Mikroorganismus 
mitder verkapselbaren Substanz in einem wasseri- 
gen Medium umfa6t. 

1 0. Verfahren nach Anspruch 9, wobei die Behandlung io 
bei einer Tenperatur im Bereich von 20*^0 bis 60''C, 
mindestens wdhrend der Anfangsstufe der Behand- 
lung ausgefuhrt wird. 

11. Verfahren nach einem der AnsprQche 9 und 10, is 
wobei die Behandlung fOr einen Zeitraum ausge- 

f Qhrt wird, bis die gewQnschte optimale Menge von 
einem oder mehreren Globuli der Substanz, inner- 
. halb der mikrobiellen Zelle mikroskopisch beobach- 
tet warden kann. 20 

12. Verfahren nach einem der AnsprQche 6 bis 11, 
wobei der Fdrbungsschritt die Zugabe des Farb- 

stoffs zu einem geruhrten Gemisch der behandel- 
ten Oder unbehandelten Mikroorganismen in einer 25 
wasserigen Flussigkeit umfeBt 

13. Lebensmittel, umfassend das Produkt nach einem 
der Anspruche 1 bis 6. 

30 

Revendications 

1. Produit encapsul6 comprenant une enveloppe 
d*une mati^re d6riv6e de parois cellulaires d'un 
microorganisme et une huile essentielle utilis^e 3s 
dans des ardmes ou parfums. encapsut^e k I'int^- 
rieur de I 'enveloppe. dans lequel la mati^re est tein- 
t6e avec un colorant qui est absorb^ sur la surface 

de la matidre d6riv6e de parois cellulaires pour 
engendrer une couleur qui est visible dans le pro- 46 
duit en masse. 

2. Produit suivant la revendication 1. dans lequel la 
mati^re d^riv^e de parois cellulaires d'un microor- 
ganisme est issue d'un champignon. 45 

3. Produit suivant la revendk:atk>n 2, dans lequel le 
champignon consiste en Saccharomyces cerevi- 

so 

4. Produit suivant Tune quelconque des revendica- 
tions 1^3, dans lequel la matl^e teint6e a une 
couleur qui est associ^e ^ la source naturelle k par- 
tir de laquelle I'huile essentielle peut dtre obtenue. 

55 

5. Produit suivant la revendication 4, dans lequel la 
substance consiste en essence de citron et la 
mati^re est teint^e en jaune. 
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6. ProcM6 pour la preparation du produit suivant Tune 
quelconque des revendications 1 d 5. comprenant 
les stapes consistant k trailer un micro-organisme 
intact en culture par mise en contact avec une 
substance encapsulable sous forme liquide qui est 
capable de diffuser dans la cellule du micro-orga- 
nisme sans provoquer sa lyse totale. et k teinter le 
micro-organisme trait6 par mise en contact avec un 
colorant. 

7. Proc6d6 pour la pr^aration du produit suivant Tune 
quelconque des revendications 1 k 5, comprenant 
les stapes consistant k teinter un micro-organisme 
intact en culture et k traiter le micro-organisme 
teinte par mise en contact avec une substance 
encapsulable sous forme liquide qui est capable de 
diffuser dans la cellule du microorganisme sans 
provoquer sa lyse totale. 

8. Proc^e suivant la revendication 6 ou la revendica- 
tion 7, dans lequel le micro-organisme est vivant au 
cours du traitement d'encapsulation. 

9. Proc6de suivant Tune quelconque des revendica- 
tions 6 ct 8. dans lequel le traitement comprend le 
melange du micro-organisme k la substance 
encapsulable dans un milieu aqueux. 

10. Proc6d6 suivant la revendication 9, dans lequel le 
traitement est effectu6 k une temperature comprise 
dans rintervalle de 20''C k 60^0, au moins au cours 
de retape initiale de traitement. 

11. Proc6d6 suivant I'une quelconque des revendica- 
tions 9 et 10, dans lequel le tiBitement est effectu6 
pendant un temps jusqu'd ce que la quantity opti- 
male d6sir6e d'un ou plusieurs globules de la subs- 
tance puisse dti'e observ^e au niveau 
microscopique k I'interieur de la cellule du micro- 
organisme. 

12. Precede suivant I'une quelconque des revendica- 
tions 6^11, dans lequel retape de teinture com- 
prend raddition du colorant k un melange sous 
agitation des micro-organismes traites ou non trai- 
tesdans un liquide aqueux. 

13. Denree alimentaire comprenant le produit suivant 
I'une quelconque des revendications 1^6. 



6 



